Benzoic acid, sorbic acid, and sodium lauryl sulfate at low concentrations (5 to 10 mg/liter) each effectively inhibited bacterial oxidation of ferrous iron in batch cultures of Thiobacillusferrooxidans. The rate of chemical oxidation of ferrous iron in low-pH, sterile batch reactors was not substantially affected at the tested concentrations (5 to 50 mg/liter) of any of the compounds.
Benzoic acid, sorbic acid, and sodium lauryl sulfate at low concentrations (5 to 10 mg/liter) each effectively inhibited bacterial oxidation of ferrous iron in batch cultures of Thiobacillusferrooxidans. The rate of chemical oxidation of ferrous iron in low-pH, sterile batch reactors was not substantially affected at the tested concentrations (5 to 50 mg/liter) of any of the compounds.
Acid mine drainage is formed by the weathering or oxidation or pyritic materials exposed during the mining of coal deposits and is a major water pollution problem in the Appalachian region of the United States (15) . The rate of pyritic material oxidation can be greatly accelerated by certain acidophilic bacteria such as Thiobacillus ferrooxidans. These bacteria promote indirect oxidation of pyrite through the catalysis of the oxidation of ferrous iron to ferric iron (5, 14, (16) (17) (18) 20) , which is an effective oxidant of pyrite (18) . These bacteria also may catalyze direct oxidation of pyrite by oxygen (1, 3, 9) . A number of organic compounds, under laboratory conditions, can apparently inhibit both the oxidation of ferrous iron to ferric iron by T. ferrooxidans (12, (21) (22) (23) (24) and the weathering of pyritic material by mixed cultures of acid mine drainage microorganisms (8, 11, 12) . Sodium lauryl sulfate (SLS), an anionic surfactant, has proved effective in this regard (6-8, 11, 12) .
Our laboratory at the Bureau of Mines has demonstrated in full-scale experiments (10, 13) compound after neutralization is accomplished, and (iii) redissolve and exhibit bactericidal action upon reappearance of the acid conditions conducive to recolonization by T. ferrooxidans (12) .
Experiments in this laboratory indicate that addition of 0.1% solutions of sodium benzoate or potassium sorbate to mine waters can result in the formation of organic precipitates during neutralization of the waters. Sodium benzoate has been previously studied (7) as a fungicidal additive for preservation of SLS solutions used in experiments on the control of bacterially catalyzed acid formation in refuse material, although no bactericidal action was ascribed directly to the benzoate. If the precipitated compounds consist of ferric salts of sorbate or benzoate, as we suspect, the species liberated from the precipitates during redissolution in acidified waters may include sorbic and benzoic acids. Determination of the inhibitory effect of sorbic and benzoic acids on ferrous iron oxidation by T. ferrooxidans is the subject of this report. The efficacy of SLS inhibition is also reevaluated.
In the study, 250-ml Erlenmeyer flasks were autoclaved and subsequently filled with 100 ml of filter-sterilized (0. (19) . The decrease in ferrous iron concentration with respect to time was assumed to be indicative of the rate of ferrous iron oxidation by chemical means (sterile flasks) or by combined biological and chemical means (T. ferrooxidans-inoculated flasks).
During the experiment, the pH of the sterile and inoculated reactors gradually increased and stabilized at pH 2.0 + 0.1, a range where bisulfate and ferric ions in partially or fully spent C & H medium can buffer system pH from changes associated with ferrous iron oxidation at low pH. Under these conditions, it is difficult to correlate pH changes with ferric iron production. However, ferrous iron disappearance data from the T. ferrooxidans-inoculated flasks (Fig. 1) indicated that .10 mg of sorbic or benzoic acid per liter effectively inhibited biological ferrous iron oxidation. SLS demonstrated effective inhibition offerrous iron oxidation by T. ferrooxidans at each of the tested SLS concentrations The study indicated that benzoic and sorbic acids merit further investigation for use in the inhibition of ferrous iron oxidation by T. ferrooxidans. In this regard, the Bureau of Mines has initiated field experiments in the Pittsburgh Research Center experimental underground coal mine to evaluate the performance of sodium benzoate and potassium sorbate as inhibitors of acid mine drainage formation. It remains for future research to determine the exact nature of the inhibitory effect of the studied chemicals on the oxidation of ferrous iron by T. ferrooxidans. Additionally, the effect of benzoic and sorbic acids on the catalysis of direct oxygen oxidation of pyrite by T. ferrooxidans should be addressed in that effective control of acid production in drainage may require that both the indirect and direct mechanisms of formation be controlled. 
